INTRODUCTION
Studies employing the pure cultivation of bacteria in laboratory media have helped to reveal a number of ubiquitous principles of life, in addition to the functions unique to individual bacterial strains. However, it is now strongly suggested that the bacterial activities in natural environments are quite different from those under laboratory conditions (van Veen et al., 1997; Rediers et al., 2005) . In fact, we are now encountering problems with the practical use of bacteria in complex natural environments (e.g. bioremediation and biological control of plant diseases), since the bacteria do not always perform their expected functions that can be observed under laboratory conditions (van Veen et al., 1997; Ramos et al., 2011; Tyagi et al., 2011) .
More information on the bacterial genetic determinants for fitness in the natural environment will enable us to control bacterial activities more effectively. For this purpose, two types of genetic approach, in vivo expression technology (IVET) and signature-tagged mutagenesis (STM), have been developed to identify genes or loci that specifically function under natural environments (e.g. surface and internal parts of plants and animals, and the plant rhizosphere) (Handfield & Levesque, 1999) . IVET can identify genes specifically expressed under a particular condition (Rediers et al., 2005) , while STM can identify the genes or loci important for growth and/or survival under a specific condition (Mazurkiewicz et al., 2006) . Many studies using STM employ a set of transposons, each containing a tag signature with a unique oligonucleotide sequence. When a set of mutants having insertions with differently tagged transposons is passed en masse through a selected condition, individual mutants can be distinguished from the others by their unique tags, thus making it possible to monitor changes in the relative abundance of individual mutants during the selection procedure (Mazurkiewicz et al., 2006) . In the original STM, the tags of mutants were detected by Southern hybridization (Hensel et al., 1995) . A modified STM technique was later developed using quantitative real-time PCR (qRT-PCR) to detect the different transposon mutants, with the advantage that the qRT-PCR-based procedure can reduce the occurrence of false positives that often result from crosshybridization between different tags (Hunt et al., 2004) . Although STM is a powerful tool that has been widely applied to bacterial pathogens to define their various virulence genes, its application to unravel the ecologically important and/or useful traits of bacteria residing in the natural environment is still limited, and only a few studies using hybridization-based STM have been reported, namely, studies identifying: Burkholderia vietnamiensis G4 genes important for rhizosphere colonization (O'Sullivan et al., 2007) , and Desulfovibrio desulfuricans and Shewanella oneidensis genes important for fitness in anoxic aquifer sediment (Groh et al., 2005 Luo et al., 2007) .
Burkholderia multivorans ATCC 17616 belongs to bproteobacteria and is a strain that was isolated from a soil sample after anthranilate enrichment, and is capable of assimilating a wide range of compounds (Stanier et al., 1966) . Our previous application of an IVET system to ATCC 17616 led to the successful identification of 116 loci that were expressed in soil, but not in a minimal laboratory medium (Nishiyama et al., 2010) . Our subsequent analysis of one such locus, designated mls (B. multivorans ATCC 17616 loci induced in soil environment), demonstrated that the expression of anthranilate dioxygenase genes, which were the most repeatedly identified in the IVET screening and were drastically induced in the soil (Nishiyama et al., 2010) , plays a pivotal role in the proliferation in sterilized soil (Nishiyama et al., 2012) .
In this study, we applied a qRT-PCR-based STM system to ATCC 17616, the same bacterial strain used in our previous IVET analysis (Nishiyama et al., 2010) , in order to identify the genetic determinants for fitness in soil. This is believed to be the first report in which both IVET and STM systems were utilized with the same bacterial strain in the same natural environment. Since the principles of the two systems are different from each other, use of the two systems was expected to provide greater insight into the fitness of ATCC 17616 in soil.
METHODS
Bacterial strains, plasmids and culture conditions. The bacterial strains and plasmids used in this study are listed in Table 1 . Escherichia coli cells were grown at 37 uC in Luria-Bertani (LB) broth (Maniatis et al., 1982) and B. multivorans cells at 30 uC in 1/3LB (3.3 g Bacto tryptone, 1.7 g yeast extract and 5 g sodium chloride l
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). Antibiotics were used at final concentrations of 100 mg ml 21 for trimethoprim (Tp) and 20 mg ml 21 for tetracycline (Tc). The solid media were prepared by the addition of 1.5 % agar.
DNA manipulations and DNA sequence analysis. Established methods were employed for the preparation of plasmids and genomic DNAs, their digestion with restriction endonucleases, ligation and agarose gel electrophoresis, and the transformation of E. coli cells (Sambrook et al., 1989) . PCR for cloning was performed with KODPlus DNA polymerase (Toyobo). The primers used are listed in Table  S1 (available in the online Supplementary Material). The nucleotide sequences were determined using an ABI PRISM 3130xl sequencer and an ABI Prism BigDye terminator kit (Applied Biosystems). The nucleotide and protein sequences were analysed using the Genetyx program, version 13 (SDC). Homology searches were performed using BLAST programs available at the National Center for Biotechnology Information website (http://blast.ncbi.nlm.nih.gov/ Blast.cgi). Some of the computational analyses, e.g. comparison of DNA sequences, design of PCR primers and drawing the gene organization figures, were performed by using GenomeMatcher applications , which are available at http:// www.ige.tohoku.ac.jp/joho/gmProject/gmhome.html.
Construction of signature-tagged plasposons and plasposon mutagenesis. A plasposon, pTnMod-OTp9, that carries pMB1-based replication machinery in a Tn5-derived mini-transposon (Dennis & Zylstra, 1998) , and 37 of the 41 tags designed by Hunt et al. (2004) were used for the construction of our signature-tagged plasposons, pTnMod-OTp9-tagn. Two oligonucleotides containing, respectively, the tag sequence (Tagn) and its complementary sequence (Ctagn) ( Table S1 ) were annealed and inserted between the SalI and SfiI sites of pTnMod-OTp9 to obtain pTnMod-OTp9-tagn. The resultant tagged plasposons were essentially identical to those constructed by Hunt et al. (2004) . Each of the 37 pTnMod-OTp9-tagn plasposons was introduced independently by electroporation into the ATCC 17616 cells as described previously (Ohtsubo et al., 2006) , and the pTnModOTp9-tagn-mutagenized Tp r clones were selected on the 1/3LB agar plates containing Tp.
Incubation of bacterial cells in soil. The soil sampled at the Ehime Research Institute of Agriculture, Forestry, and Fisheries (formerly the Ehime Agricultural Experiment Station) (Matsuyama, Japan) was sieved and used for the inoculation of B. multivorans cells. Sterilization of soil was performed by use of an autoclave according to the protocol described previously (Nishiyama et al., 2010) . The physico-chemical properties of the soil before autoclaving have been described by Wang et al. (2008) . The 36 mutants of ATCC 17616, each of which contained a different tag, were pooled as a set, and 192 independent sets consisting of 6912 mutants were prepared. Cells from each set grown to stationary phase in 1/3LB containing Tp were harvested and washed three times with M9 medium (Komatsu et al., 2003) . Washed cells resuspended in M9 medium (adjusted to approximately 10 6 cells in 300 ml) were inoculated into 2.7 g of a soil sample in a 50 ml sterilized test tube. The water content was adjusted to 60 % of the maximum water-holding capacity. After incubation at 30 uC for 14 days, DNA was directly extracted from the soil by a PowerSoil DNA isolation kit (MO BIO Laboratories) and used as the output pool. DNA from the cells just before the inoculation into the soil was extracted by using a genomic DNA purification kit (Bio-Rad) and used as the input pool. For the analysis of reconstructed mutants, each strain was singly inoculated into the non-sterilized soil in a 50 ml sterilized test tube and incubated at 30 uC for 30 days, and DNA was directly extracted from the soil.
qRT-PCR analysis. For the STM screening, the input pool and corresponding output pool were analysed by qRT-PCR using 36 primer pairs consisting of 36 unique forward primers (Tagn) and a common reverse primer (STM-LC2) ( Table S1 ). The reaction was performed in 15 ml solution containing 10 ng template DNA, 5 mM each primer, 0.75 ml DMSO and 7.5 ml SYBR Premix ExTaq (TaKaRa Bio) using a DNA engine Opticon 2 system (Bio-Rad). The cycling conditions consisted of: an initial 1 min at 94 uC; followed by 35 cycles at 94 uC for 30 s, 60 uC for 30 s and 72 uC for 15 s; and a final 10 min at 72 uC. The reaction mixture was then measured to determine the melting temperature of amplified double-stranded DNA. A mutant, whose tag-specific amplicon was detected at a similar PCR cycle number with the other different tagged mutants in the input pool, but at a much later PCR cycle number than the other different tagged mutants in the output pool, was selected as a candidate whose relative abundance was drastically reduced during the incubation. The exact cycle threshold value used for identifying a clone with reduced abundance varied depending upon each independent trial. For assay of the reconstructed mutants, the relative abundance of DNA from each mutant or complemented strain relative to that of the control strain was estimated by qRT-PCR using DNA extracted from each soil sample as the template. For the complementation analysis, the common STM-59 primer (Table S1 ) was used instead of each Tagn primer.
Determination of plasposon-insertion sites. The DNA sequences that flanked the genomic TnMod-OTp9-tagn insertion site were determined by direct sequencing using the genomic DNA and pTnMod-OTpF or pTnMod-OTpR primers (Table S1 ) as described previously (Nishiyama et al., 2010) .
Reconstruction of the sun, fur, tig, deaD and hrpA mutants of ATCC 17616. Genomic DNAs prepared from the original STM mutants with plasposon insertions in the sun, fur, tig, deaD and hrpA genes (2F9-22, 2B6-12, 2G3-7, 2C9-19 and 1A5-6, respectively) were digested with HindIII (sun) or BamHI (fur, tig, deaD and hrpA). The digested DNA fragments were self-ligated, and the self-replicating Tp r plasmids were recovered by transformation of E. coli DH5a. The plasmids thus recovered were digested with HindIII (sun) or BamHI (fur, tig, deaD and hrpA), dephosphorylated and introduced into the wild-type ATCC 17616 strain by electroporation. The double crossover-mediated homologous recombination of the wild-type sun, fur, tig, deaD and hrpA genes by the corresponding genes with TnMod-OTp9-tagn insertions in the Tp r transformants was confirmed by PCR, and the reconstructed disruptants were designated ATCC 17616sun : : Tn, ATCC 17616fur : : Tn, ATCC 17616tig : : Tn, ATCC 17616deaD : : Tn and ATCC 17616hrpA : : Tn, respectively.
Construction of the complemented strains of the fur and hrpA mutations. For the integration of a gene into the ATCC 17616 genome, plasmid pYO103 was constructed by modifying pEX18Tc (Hoang et al., 1998) , which has the sacB gene for counter selection (see Fig. S1 for details). pYO103 can be used so that any DNA fragment in conjunction with the gfp-lacZ cassette ) is integrated at a specific position [at bp coordinates between 980 094 and 980 095 on chromosome 1 (Chr1)] in the ATCC 17616 genome through double crossover-mediated homologous recombination by using the sacB-based counter-selective procedure (Schweizer, 1992) . Each of PCR-amplified DNA fragments containing 
supE44 D(mcrC-mrr) recA13 ara-14 proA2 lacY1 galK2 rpsL20 xyl-5 mtl-1 leuB6 thi- the ATCC 17616 fur (535 061-535 560 on Chr1) and hrpA (2 298 654-2 302 842 on Chr1) genes with their own promoters was cloned into multiple-cloning sites of pYO103, and the resultant plasmids, pYO103-fur and pYO103-hrpA, were introduced into ATCC 17616fur : : Tn and ATCC 17616hrpA : : Tn, respectively, by triparental mating using HB101(pRK2013) as a helper. Use of the sacB-based counter selection and subsequent PCR-based confirmation of the genomic integration of the fur-gfp-lacZ and hrpA-gfp-lacZ clusters led to the generation of the integrant strains, ATCC 17616fur : : Tn(chr1 : : fur) and ATCC 17616hrpA : : Tn(chr1 : : hrpA), respectively, with concomitant loss of the remaining portion of pYO3.
Phenotype analysis of the reconstructed mutants. To assess the antibiotic resistance of the mutants, the exponential phase cells cultured in 1/3LB were diluted, and cell suspensions containing 10 2 -10 7 c.f.u. ml 21 were spotted on 1/3LB agar plates containing one of the following antibiotics at the final concentration indicated: 100 mg ml 21 for ampicillin, 10 mg ml 21 for kanamycin, 20 mg ml 21 for polymyxin B, 5 mg ml 21 for chloramphenicol (Cm), 10 mg ml 21 for Tc, 30 mg ml 21 for gentamicin (Gm), 30 mg ml 21 for thiamphenicol, 30 mg ml 21 for florfenicol and 100 mg ml 21 for fusaric acid. The plates were incubated at 30 uC for 2 days. The bacterial growth in 1/3LB at low temperature (15 uC) was monitored by measuring OD 660 values of cultures using a TVS062CA biophotorecorder (Advantec).
RESULTS

Construction of a signature-tagged mutant library
The original versions of the 37 signature-tagged plasposons, pTnMod-OTp9-tagn (n51~41 except for 13, 21, 24 and 30), constructed by Hunt et al. (2004) were successfully used for the identification of Burkholderia cenocepacia genes that were required for survival in rat lungs (Hunt et al., 2004) . We constructed 37 essentially identical pTnMod-OTp9-tagn plasposons that exhibited only small differences from those created by Hunt et al. (2004) with respect to the insertion site of the tags. Mutagenesis of ATCC 17616 cells by each of our tagged plasposons, except for pTnMod-OTp9-tag36, generated a number of Tp r mutants. The 36 mutants of ATCC 17616, each of which contained a different tag, were pooled as a set, and 192 independent sets consisting of 6912 mutants were prepared.
Screening of mutants deficient in fitness in a soil environment
Each of the 192 sets of mutant cells was inoculated into sterilized and non-sterilized soils. In this initial STM screening, both types of soil were used in order to distinguish the effects of the other micro-organisms coresiding in non-sterilized soil. As a pilot screening, a few sets among the 192 sets of the mutant library were incubated for 7, 14 and 30 days, and qRT-PCR analysis was conducted to measure the relative abundance of DNA from each mutant in the inoculum. The 7 day incubated soil sample revealed no difference in the relative abundances of all the strains between the inoculant (input) and soilincubated (output) samples, while the 14 day incubated soil samples revealed differences in some mutant strains, and such differences were similarly observed with the 30 day incubated soil samples (data not shown). On the basis of this result, the subsequent large-scale screening of all sets of the mutant library was conducted using a 14 day incubation period. In this screening, 50 and 250 plasposoninserted mutants were selected from sterilized and nonsterilized soils, respectively, as the candidates that were reduced in their relative abundances after incubation in the soil. Among the candidates, 15 mutants were commonly selected from both sterilized and non-sterilized soils, and a total of 285 (50+250215) mutants were selected as candidates by this initial screening. To eliminate potential false-positive mutants and to identify the mutants exhibiting a clearer phenotype for competitive fitness in the soil, a second screening was performed for the candidate mutants. For the second screening, the 285 candidate mutants were redundantly rearranged into 21 sets, each containing 36 mutants with different tags (Table S2 ), on the basis that the largest number of 21 candidate mutants with tag20 were selected by the initial screening. Since nonsterilized soil represents a natural environment more so than sterilized soil, our second screening was performed only in the non-sterilized soil, and 39 mutants were selected as those most likely to be deficient in competitive fitness in the soil. An attempt was made to determine the plasposon-insertion sites in the 39 mutants by the direct sequencing method, and the insertion sites in 32 mutants were successfully determined (Table 2) . Among the 32 mutants, 5 (2F12-20, 2F9-20, 2H10-20, 1C1-19 and 2C8-23) and 2 (1A5-6 and 2E12-12) had the plasposon insertions in intergenic regions and the hrpA gene, respectively, and thus a total of 26 genes were identified as candidate genes for competitive fitness in soil (Table 2) . These genes were classified into various COG categories (http://www.ncbi.nlm.nih.gov/COG/), and no auxotrophic genes were identified in our screening, although such mutants were not excluded from our STM mutant library.
Reconstruction of disruption strains of five genes
Among the 26 candidate genes, 5 genes (sun, fur, tig, hrpA and deaD; Fig. 1 ) were further analysed, mainly because strains carrying insertion mutations in these genes were reproducibly selected in the second STM screening (Table  2) . To exclude the possibility that another unexpected and distantly located mutation caused the phenotype in each of the original mutants, each of the five wild-type genes in ATCC 17616 was disrupted using the TnMod-OTp9-tagncontaining genomic fragments from the original STM mutant as described in Methods. When compared with the wild-type strain, the five reconstructed mutants (ATCC 17616sun : : Tn, ATCC 17616fur : : Tn, ATCC 17616tig : : Tn, ATCC 17616deaD : : Tn and ATCC 17616hrpA : : Tn) showed no apparent growth defects in 1/3LB (data not shown). Each reconstructed mutant was singly inoculated into the non-sterilized soil and incubated at 30 u C, and the incubation period was prolonged on the basis of a pilot experiment (Fig. S2) . The amount of the singly inoculated control strain 2C4-34 did not change after the 20 to 40 day *In the second STM screening (see Table S2 ). DPositions and locus tag names used are on the basis of our deposited sequences [AP009385, AP009386 and AP009387 for Chr1, Chr2 and Chr3, respectively, in DDBJ/EMBL/GenBank databases Yuhara et al. (2008) ]. dNo name, no gene name associated with this ORF in the annotated ATCC 17616 genome.
Burkholderia genes important for fitness in soil incubation (Fig. S2a) . However, the abundance of ATCC 17616hrpA : : Tn relative to 2C4-34 did not change after the 20 day incubation, but was significantly reduced after the 30 to 40 day incubation (Fig. S2b) . Such longer incubation was indeed required because the number of inoculated reconstructed mutant cells of each type was larger than that of the corresponding type of mutant cells used in the two-step STM screening. The relative abundances of ATCC 17616hrpA : : Tn, ATCC 17616fur : : Tn and ATCC 17616deaD : : Tn after the 30 day incubation in the soil, as compared with that of the control strain, 2C4-34, were significantly reduced in at least one of three independent measurements (Fig. 2a) , and thus their fitness deficiencies in the soil could be attributed to the plasposon insertions or unknown mutations located very close to the insertion sites. However, the two other reconstructed mutants, ATCC 17616sun : : Tn and ATCC 17616tig : : Tn, did not show any obvious fitness deficiencies in our three independent measurements (Fig. 2a) . Although the results for ATCC 17616fur : : Tn and ATCC 17616deaD : : Tn varied in the first three measurements (Fig. 2a) , nine additional independent measurements supported the fitness deficiency of ATCC 17616fur : : Tn in the soil ( Fig. 2b; see below) .
Complementation of the reconstructed mutants
The wild-type fur and hrpA genes of ATCC 17616 were successfully introduced into ATCC 17616(fur : : Tn) and ATCC 17616(hrpA : : Tn) genomes, respectively, to obtain ATCC 17616fur : : Tn(chr1 : : fur) and ATCC 17616hrpA : : Tn(chr1 : : hrpA). Since the deaD gene could not be cloned in E. coli, the subsequent complementation analysis was not conducted. The ATCC 17616 deaD gene may have a toxic or lethal effect on E. coli cells. Our observation that ATCC 17616fur : : Tn(chr1 : : fur) recovered fitness (Fig. 2b) led to the conclusion that the fur gene is one of the genetic determinants for fitness in the soil. However, ATCC 17616hrpA : : Tn(chr1 : : hrpA) still showed a fitness deficiency in the soil (Fig. 2b) , suggesting that the hrpA gene itself is not important for fitness in the soil, and that the plasposon insertion may have created a polar effect on gene expression producing an altered phenotype.
Altered phenotypes of the reconstructed mutants
Sensitivities of the reconstructed mutants towards nine antibiotics, ampicillin, kanamycin, polymyxin B, Cm, Tc, Gm, thiamphenicol, florfenicol and fusaric acid, were assayed. ATCC 17616hrpA : : Tn and ATCC 17616fur : : Tn were more sensitive to Cm (Fig. 3a) , and to Gm and Tc (Fig. 3b) , respectively, than the wild-type strain, and these sensitivities were complemented by the introduction of the corresponding wild-type genes (Fig. 3a, b) . Furthermore, ATCC 17616deaD : : Tn showed an obvious growth defect at 15 u C (Fig. 3c, d ). These results are suggestive that the fur, hrpA and deaD genes are involved in these phenotypes.
DISCUSSION
In this study, we conducted STM screening of a mutant library of a bacterial strain, B. multivorans ATCC 17616, in order to identify genetic determinants for fitness in soil. Table 2 for detailed information on each locus.
Our STM screening using approximately 7000 independent mutants indeed supported this approach for identifying the genes important for survival in the soil. We were able to successfully select 32 candidate mutants after the two-step STM screening (Table 2) , and 3 (fur, deaD and hrpA) out of the 5 mutants indeed exhibited fitness defects in the non-sterilized soil at least once in our repeated experiments (Fig. 2a) . There is no apparent preference in the COG categories for the candidate genes of B. multivorans that were required for soil fitness, and such genes are mainly distributed on Chr1, which is considered to be the main chromosome carrying most of the essential genes in B.
multivorans (Nagata et al., 2005) . This distribution contrasts with that of the 116 mls genes, 52 % of which are located on Chr2 (Nishiyama et al., 2010) . Almost none of the candidate genes for fitness in the soil were located within nor in the vicinity of the 116 mls genes, probably because the genes that were identified by the IVET screening to be induced in the soil are not necessarily important for survival even in the same environment, and the genes identified by the STM screening are not always inducible. However, the number of mutants obtained through STM screening may have been insufficient for such a comparison, and a larger scale STM screen may improve the chance of isolating some of the 116 mls genes. The only exception at this stage was a repeatedly identified locus, mls54 (carrying the putative aco operon for acetoin metabolism), which was closely associated with a plasposon-inserted gene (acoR) in 2H3-29 (Table 2) , whose wild-type gene is postulated to encode a transcriptional activator for the aco operon (Fig. S3 ).
The deficiency in the soil fitness of the fur mutant was recovered by the introduction of the wild-type fur gene, indicating that the fur gene is one of the genetic determinants for fitness in the soil (Fig. 2b) . The fur product, a ferric uptake regulator, is a global transcriptional regulator for the iron regulon in many Gramnegative bacterial species (Faulkner & Helmann, 2011) . As has been noted in other phylogenetically distant bacteria, the Fur protein in ATCC 17616 plays pleiotropic roles in the maintenance of iron homeostasis, removal and/or resistance to reactive oxygen species (ROS) and reactive nitrogen species (RNS), and energy metabolism of carbon and energy sources (Yuhara et al., 2008) . We have also indicated that there is a higher level of ferric ion in the ATCC 17616 fur mutant, leading to the generation of a larger amount of very toxic ROS, i.e. hydroxyl radicals, by the Fenton reaction (Kimura et al., 2012) . The fur mutant additionally showed higher sensitivities to Tc and Gm than the wild-type strain (Fig. 3b) . Therefore, the fur mutant is likely to be sensitive to ROS, RNS and the antibiotics produced by unidentified micro-organisms co-residing in the non-sterilized soil. Under laboratory conditions, Fur also positively regulates the expression of the andA operon (andAcAdAbAa) for anthranilate catabolism in ATCC 17616 (Nishiyama et al., 2012) , whose expression was increased dramatically in the type of soil the same as that used in this study (Nishiyama et al., 2010) . The proliferation ability of the andAc mutant in the sterilized soil was very low compared with that of the co-incubated wild-type strain (Nishiyama et al., 2012) . Considering all of these observations together, the fitness defect in the soil of the fur mutant may be due to its increased sensitivity to ROS, RNS and antibiotics, as well as loss of the positive regulation of the expression of various genes that are directly or indirectly mediated by Fur.
In this study, although the complementation analysis of the deaD mutant could not be conducted and the fitness defect of hrpA mutation could not be complemented by the wildtype hrpA gene itself (Fig. 2b) , both genes deserve to be analysed in more detail, because: (i) they both encode putatively similar DExD/H-box RNA helicases; (ii) ATCC 17616deaD : : Tn exhibited, as has been shown in the deaD mutants in other bacterial species, cold sensitivity (Fig. 3d) ; (iii) two hrpA mutants were independently identified in the STM screening (Table 2 , Fig. 1d ); (iv) ATCC 17616hrpA : : Tn was more sensitive to Cm than the wildtype strain, and the sensitivity was decreased by supply of the wild-type hrpA gene (Fig. 3a) . In the complementation analysis of the hrpA mutant, the cloned genomic region for the complementation might have been lacking the cisacting element specifically necessary for proper expression of the hrpA gene for fitness in the soil. Although the general functions of DExD/H-box RNA helicases remain obscure in prokaryotes, such enzymes are suggested to be involved in a wide variety of RNA-related functions in an energydependent manner, including roles in global gene regulation, in some bacterial strains (Koo et al., 2004; Cordin et al., 2006; Iost & Dreyfus, 2006; Salman-Dilgimen et al., 2011; Tamura et al., 2012; Redder & Linder, 2012) . HrpA and DeaD of ATCC 17616 might also be involved in the RNA-related functions for fitness in the soil. -10 7 c.f.u. ml "1 were spotted on 1/3LB agar plates containing 5 mg Cm ml "1 (a), 30 mg Gm ml "1 or 10 mg Tc ml "1 (b), and incubated at 30 6C for 2 days. Growth of the mutants in 1/3LB at 30 6C (c) and 15 6C (d) was analysed by measuring the OD 660 values of the cultures. $, Wild-type; D, hrpA : : Tn; h, deaD : : Tn. More than three independent measurements showed the same tendency, and representative results are shown.
